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RESEARCH MEMORANDUM 


TIME HISTORIES OF THE AERODYNAMIC LOADS ON THE VERTICAL . 
AND HORIZONTAL TAIL SURFACES OF A .JET-POWERED 
BOMBER AIRPLANE DURING SIDESLIP MANEUVERS 
AT APPROXIMATELY 20,000 FEET 
By T. V. Cooney and William A. McGowan 

SUMMARY 


Time histories are presented of the aerodynamic loads on the vertical 
and horizontal tail surfaces of a jet-powered bomber airplane (B-4-5A) In 
sideslip maneuvers. The data were obtained at a pressure altitude of 
approximately 20,000 feet in the Mach number range from 0.31 to 0.76. 

The maximum measured rudder and fin loads were 1,800 pounds and 2,830 pounds, 
respectively, and the maximum total vertical- tail load was 1,120 pounds. 

The greatest horizontal-tail-load dissymmetry was 3,280 pounds. The 
maximum elevator loads measured were 3^0 pounds down and 680 pounds up. 

Both values occurred on th$ left elevator. In trim level flight an 
elevator-load dissymmetry as great as 420 pounds occurred. The greatest 
change in elevator-load dissymmetry with sideslip was 260 pounds. 


INTRODUCTION 


The National Advisory Committee for Aeronautics is currently under- 
taking a flight investigation to determine the tail loads and deformations 
on a jet-bomber .airplane. -The aims of this investigation are to. obtain 
basic aerodynamic parameters from flight data for comparison with small- 
scale wind-tunnel results and to study the effects o“f aeroelasticity on 
the distribution of the horizontal-tail load and on the longitudinal 
stability of the airplane. For this investigation a B-4-5A airplane' has 
been instrumented with strain-gage bridges for the- measurements of the 
loads on -the vertical tail, horizontal tail, and wing and with additional 
instruments for the measurements of the elevator and stabilizer twist and 
the fuselage deflection. 
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As the various phases of the flight— investigation are completed, 
data are reported in time-history form. No analysis of the results will 
be made until the flight program has been completed. 

Time histories of the aerodynamic loads and deformations for the 
B-^5A airplane during level flight, aileron rolls, abrupt pull-ups, . 
and gradual turns have been presented in references 1 to 6. Presented 
in this paper are time histories of the vertical- and horizontal.- tail 
loads- obtained during maneuvers which approximated steady sideslipping 
conditions. The maneuvers were made at a pressure altitude of approxi- 
mately 20,000 feet - and covered a Mach number range from 0.31 to 0.j6. 

The data, were obtained with a modified configuration of the original 
B-45A airplane. The modification consisted of installing reflex wing 
flaps, rigging the ailerons up, and adding positive twist by warping the 
tips of the horizontal.- tail leading edge up. A comparison of the 
horizontal-tail loads resulting from 1 g trim level flight for the present 
configuration airplane and for the original configuration airplane is ' 
also presented. . 


SYMBOIS 


M 

c "a 

q 

n 

W 

S 

X 
% 
% L - 


Mach number 

airplane normal-force coefficient (nW/qS) 

dynamic pressure, pounds per square foot 

normal acceleration at airplane center of gravity, g units 
airplane weight, pounds 
wing area, square feet 

horizontal- tail load, left side, pounds 
horizontal- tail load, right side, pounds 
horizontal-tail-load dissymmetry, pounds 


vertical-tail total load, pounds 
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fin load, pounds 
rudder load, pounds 

sideslip angle (sideslip to the right is positive), degrees 

With the foregoing symbols, the prefix A represents an increment 
measured from the trim value. 

Up loads on the horizontal stabilizers and elevators are considered 
positive. Positive loads on the vertical tail act to the right. Other 
sign conventions used are defined in the figures. 


% 

% 

0 


INSTRUMENTATION 


A three-view drawing of the test airplane, with the approximate 
locations of the. strain-gage bridges and deflection-measuring devices, 
is given in figure 1. 

Standard NACA recording instruments were used to measure airspeed 
and altitude, rolling, pitching, and yawing velocities, sideslip angle, 
angle of bank,, control forces and positions, and accelerations. NACA three- 
component accelerometers were mounted at the airplane center of gravity 
and at the approximate quarter-chord station of the .horizontal tail at 
the airplane center line. 

The airspeed head and sideslip-angle transmitter were located on 
booms, at the tip of the left and right wings, respectively, and extended 
approximately 1 local chord length ahead .of the leading edge. The results 
of a flight calibration of the airspeed system for position error and an 
analysis of available data for a similar installation indicated a Mach 
number error of less than io. 01 throughout the test range. Sideslip-angle 
measurements presented are the measured values and have not been corrected 
for effects of inflow at the boom location. Electrical resistance strain- 
gage bridges were mounted on each spar near the root of both the horizontal 
and vertical tail surfaces to measure shear and bending moment. Strain- 
gage bridges were also mounted on the elevator and rudder torque tubes 
and hinge brackets to measure torque and control-surface total loads. 

Twist bars were installed in the horizontal stabilizers to measure 
the twist of the midsemispan and tip with respect to the stabilizer root. 
Control-position transmitters tTBre installed at the tip and root of 
each elevator to measure twist of the elevator relative to the stabilizer. 
The positions of the rudder, ailerons, elevators, and elevator spring-loaded 
tabs were measured at the inboard ends of each surface by control-position 
transmitters . _ 
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The output from the strain-gage "bridges and twist-measuring devices, 
was recorded on two 18-channel oscillographs. A 0.1-second time puls'e 
was used to correlate ' the records of all recording instruments^ 


RESULTS AM) DISCUSSION 


Aerodynamic loads on the vertical and horizontal tail surfaces were 
determined for the B-45A airplane during maneuvers made by gradually 
increasing the sideslip angle* in nonturning flight. Nearly steady side- 
slipping conditions were considered to prevail since the rate of change, 
ter sideslip angle was in general less than i per second. The airplane 

was in the clean condition “and in trim steady - flight at the start of each 
maneuver. In all runs the pilot continued to increase the sideslip angle 
until full rudder pedal travel Or limiting pedal force prevented further 
increases. The maximum measured loads are therefore the greatest obtain- 
able by the test pilot for this airplane in the type of maneuver 
considered. 

Time histories of the aerodynamic loads, control positions, and 
measured sideslip angle are presented in figures 2 to 15 . Information 
pertaining to the flight conditions existing during each maneuver 
illustrated in the time histories is summarized in table I. 

Aerodynamic loads were obtained by the addition of the net structure 
loads, from the' strain-gage measurements, and the inertia loads which 
were computed from the accelerations measured at the tail. 

The quantities presented in this paper are estimated to be accurate 
to within the following amounts: 


Mach number . ... .' ~ ........... . . . . -0.01 

Sideslip angle (uncorrected for inflow), deg . . . . . . . . . -0.10 

Total horizontal-tail aerodynamic load, lb ... ±l 6 o 

Elevator aerodynamic load, lb ........... T . ^ . ' -60 

Elevator position, deg k ±0.05 

Rudder aerodynamic load, lb ' . ±30 

Rudder position, deg' - ". VT . .• . ... . . . . . . . ... .“ . .. ' ±0.25 

Fin aerodynamic load, lb -100 

Total vertical-tail load, lb "±130 


Vertical- tail loads .- The maximum fin load measured, 2,830 pounds,, 
occurred with a measured sideslip angle of 3*5° to the right during the 
run (fig. 13; time, 3 ^ sec) made at a Mach number of O.JO. The maximum 
rudder load measured (fig. 14) was 1,800 pounds and occurred with a 
rudder deflection of 8.9° to the .left and a sideslip angle of 2.7° to the 
right at a Mach number of 0.7^« The maximum total .vertical- tail load of 
1,120 pounds to the left (fig. 13 ) time, 30 sec) resulted, from. a fin load 
of 2,770 pounds to the left and a rudder load of 1,650 pounds to the right. 
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The Mach number for the condition giving maximum vertical- tail load was , • 
0.70 and the rudder position and sideslip angle were 9-2° left and 
3.2° right, respectively. 

The variation with increment in sideslip angle of the increment in 
fin, rudder, and total vertical- tail load per unit "dynamic pressure for 
a typical run (M = 0.45) = 0.39) is shown in figure 1 6 . The variation 

with sideslip angle of the total vertical- tail load given in this figure 
was obtained from the curves which had been faired through the measured 
values of fin and rudder load per q. The variations with A3 of the 
total ’vertical- tail load per q shown in figure 17 for the various Mach 
numbers and airplane normal- force coefficients were obtained in the 
manner indicated in figure 1 6 . The curves for M — 0.31 and M = 0.35 
have been omitted from figure 17 because their significance was obscured 
by the accuracy range of total vertical- tail load per q for the low 

ALy / 

values of q. The slope of the curves __/A3 is a measure of the 
unstable yawing moment of the wing-fuselage combination. 

Horizontal- tail- load dissymmetry .- The maximuni horizontal-tail-load 
dissymmetry recorded (fig. 4) was 3*280 pounds and occurred with 14.3° 
measured sideslip to the left at M = 0.35* The variation with incremental 
sideslip angle of the horizontal-tail- load dissymmetry per unit dynamic * 
pressure is shown in figure 18 for two representative maneuvers. It can 
be seen that the horizontal- tail-load dissymmetry varies linearly with 
sideslip angle to the maximum sideslip angle reached. Similar plots have 

a(lh l - L =e ) 


been made for all the maneuvers and the slopes 


A3 obtained 


have been entered in table I. As indicated in table I, there is a slight 
increase in slope with Mach number up to M = 0.40 "and then a general 
decrease. It can also be' noted that the slope is greater in left side- 
slips than in right sideslips at the same Mach number and airplane normal- 
force coefficient. 


Total horizontal- tail loads .- The maximum up tail load measured 
during sideslips was 3*100 pounds at a Mach number of 0.35 and a sideslip 
angle of 14.3° to the left. The maximum down tail load measured was. 

5,180 pounds at a Mach number of 0.J6 and a sideslip angle of 1.6° to the 
right. 

The change with Mach number of the horizontal-tail loads in lg trim 
level flight is shown in figure 19 . Also shown in figure 19 for comparison 
are the lg loads obtained at 20,000, feet with the original configuration 
airplane. 
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A portion of the data shown in figure 19 for the original config- 
uration airplane has been taken from the time histories presented in 
reference 6 . The fact' that more up tail load was required for level' 
flight in the case of the modified configuration airplane indicates that 
the desired reduction of the zero-lift pitching-moment coefficient ' - 

of the airplane was accomplished when the wing flaps were reflexed and 
the ailerons were rigged up. 

Elevator loads . - 'In trim level flight the maximum measured down load 

on the left elevator was 3^0 pounds and occurred at M = 0.31 (fig. 2). 
The maximum measured up load on the left elevator, 680. pounds, occurred 
at M = 0.74 (fig* l4) . The loads on the right elevator varied from 
'60 pounds up at M = 0.35 (fig* 4) to 560 pounds up at' M = 0.70 
(fig. 13)* .The maximum measured elevator-load dissymmetry in trim 
level flight was 420 pounds' at M = 0.35 (fig* 4). The greatest change 
in elevator-load dissymmetry with sideslip was 260 pounds and was 
measured during the run made at M = 0.51 (fig* 8 ) with a sideslip angle 
of 8 . 3 d to the right. 


Langley Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Field, Va. 
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SUMMARY OF FLIGHT COHDITIQNS AHD HORIZOimi^mil^LCW) DISSYMMETRY CCHfeTABTS 


Center- of- 
Airplane gravity 
Figure weight position 
(lb) (percent 

'r ' M«A,C. ) 


Mach Approzl- 

number \ 

(Ib/eq ft) 


E levator - 

Airplane 

Preasure normal- position, 

altitude force positive 

(ft) coefficient, for 

p airplane 

■ - ■ i ; nose u p 

(<3*ee) 


Rudder- 3 idea lip- Fewer 

trla - tab angle condition 
position, increment (percent 
airplane f^ca. marl nmm I 

no “ 1 ? ft trim, dd rpn) 


2 | 65,100 

6b, 600 

64,300 
63,900 
63,500 
63,200 

8 62,700 

9 62,300 

10 62,100 

U 61,600 


13 62,000 

14 61,000 

15 60,500 


19,900 
20,100 
20,200 
20, tax ) 
20,200 
20,000 
20,100 
20 , 300 ' 
20,30Q 


19,600 

19,400 

18,200 
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Figure 2 .- Time histories of various quantities during a right sideslip. 
Pressure altitude, 19,900 feet; Mach number, 0 . 31 ; airplane weight, 
65,100 pounds; canter of gravity is at 28.6 percent mean aerodynamic 
chord; rudder trim tab, 1.2° airplane nose left; airplane normal- 
force coefficient, 0.86. 
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Figure 3 .- Time histories of various quantities during a right sideslip. 
Pressure altitude, 20,100 feet; Mach number, 0.35; airplane weight, 
6k, 600 pounds; center of gravity is at 28.6 percent mean aerodynamic 
chord; rudder trim tab, 1 . 3 ° airplane nose left; airplane normal- 
force coefficient, 0 . 65 • 
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Figure 4.- Time histories of various quantities during a left sideslip. 
Pressure altitude, 20,200 feet; Mach number, 0.35; airplane weight, 
64 , 300 pounds; center of gravity is at' 28.5 percent mean aerodynamic 
chord; rudder trim tab, '1.3° airplane nose left; airplane normal- 
force coefficient, 0.66. 
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Figure 5 •- Time histories of various quantities during a right sideslip. 
Pressure altitude, 20,400 feet; Mach number, 0 .40; airplane weight, 
63*900 pounds; center of gravity is at 28.5 percent mean aerodynamic 
chord; rudder trim tab, 1 . 3 ° airplane nose left; airplane normal- 
force coefficient, 0 . 50 * 
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Figure 6.- Time histories of various quantities during a right sideslip. 
Pressure altitude, -20,200 feet; Mach number, 0.45; airplane weight, 
63,500 pounds; center of gravity is at 2634 percent mean aerodynamic 
chord; rudder trim tab, 1.7° airplane nose left; airplane normal- 
force coefficifent, 0.39* 
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Figure 7-- Time histories of various quantities during a left sideslip. 
Pressure altitude, 20,000 feet; Mach number, 0.45; airplane weight, 
63,200 pounds; center of gravity is at 28.4 percent mean aerodynamic 
chord; rudder trim tab, 1.7° airplane nose left; airplane normal- 
force coefficient, 0.39 • 
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Figure 8.- Time histories of various quantities during a right sideslip. 
Pressure altitude, 20,100 feet; Mach number, 0.51; airplane weight, 
62,700 pounds; center of gravity is at 28.3 percent mean aerodynamic 
chord; rudder trim tab, 1.3° airplane nose left; airplane normal- 
force coefficient, 0.30. 
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Figure 9*- Time histories of various quantities during a right sideslip. 
Pressure altitude, 20,300 feet; Mach number, 0.56; airplane weight, 
62,300 pounds; center of gravity is at 28.3 percent mean aerodynamic 
chord; rudder trim tab, 0 . 5 ° airplane nose left; airplane normal- 
force coefficient, 0 . 25 . 








18 


NACA RM L 51 A 08 



Time, sec 

Figure 10 .- Time histories of various quantities during a left sideslip. 
Pressure altitude, 20,300 feet; Mach number, 0 . 55 ; airplane weight, 
62,100 pounds; center of gravity is at 28.3 percent mean aerodynamic 
chord; rudder trim tab, 0.5° airplane nose left; airplane normal- 
force coefficient, 0.25 . 
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Figure 11. - Time histories of various quantities during a right sideslip. 
Pressure altitude, 20,100 feet; Mach number, 0.62; airplane weight, 
61,600 pounds; center of gravity is at 28.2 percent mean aerodynamic 
chord; rudder trim tab, 0° airplane nose left; airplane normal- 
force coefficient, 0.20. 
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Figure 12.- Time histories of various quantities during a right sideslip. 
Pressure altitude* 20*200 feet; Mach number* 0.67* airplane weight* 
62,300 pounds; center of gravity is at 28.0 percent mean aerodynamic 
chord; rudder trim tab* 0.5° airplane nose left; airplane normal- 
force coefficient* 0.17. 
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Figure 13 •- Time histories of various quantities during a right sideslip. 
Pressure altitude, 19,600 feet; Mach number, 0.70; airplane weight, 
62,000 pounds; center of gravity is at 27-9 percent mean aerodynamic 
chord; rudder trim tab, 0.5° airplane nose left; airplane normal- 
force coefficient, 0 . 15 . 
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Figure l^.- Time histories of various quantities during a right sideslip. 
Pressure altitude, 19,^00 feet; Mach number, 0 .7^-; airplane weight, 
61,000 pounds; center of gravity is at 27.8 percent mean aerodynamic 
chord; rudder trim tab, 0.5° airplane nose left; airplane normal- 
force coefficient, 0 . 13 - 
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Figure 15.- Time histories of various quantities during a right sideslip. 
Pressure altitude, 18,200 feet; Mach number, 0.7 8; airplane weight, 
60,500 pounds; center of gravity is at 27*7 percent mean aerodynamic 
cfcord; rudder trim tab, 0.5° airplane nose left; airplane normal- 
force coefficient, 0.12. 









Figure 16.- Variation with sideslip of incremental fin, rudder, and 
total vertical-tail loads, per unit dynamic pressure. Pressure 
altitude approximately 20,000 feet; Mach, number, 0.45; airplane 
normal-force coefficient, 0-39* 


MCA RM L51A08 


1 . 1 




to r/gft 




/eft 

Increment //? s/ctest/p ong/e from tr/m f Ag3, deg 


r/gtit 


Figure 17.- Variation with sideslip of the incremental total vertical 
tall load per unit dynamic pressure at approximately 20,000 feet 
altitude . 
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Figure l8;_ Variation vith. sideslip of the incremental horizontal- 
tail-load dissymmetry per unit dynamic pressure at approximately 
20,000 feet altitude. 
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Figure 19.- Variation of horizontal-tail load with Mach number, lg level 
flight conditions at approximately 20,000 feet altitude. 
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